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Abstract 

Background: Caffeine increases the CAMP production that stimulates spermatozoa 

movement. Caffeine is also used for induction of in vitro acrosome reaction in 

mammalian spermatozoa, an important step in achieving fertilization. 

Objective: The aim of this study was to assess the effect of caffeine on sperm's 

motility, vitality and laboratory fertilization rates in mouse in two T6 and M16 

media. 

Materials and Methods: Epididymal mouse sperms were collected and treated by 
caffine in T6 and M16 media and their motility and vitality rates were evaluated. 
The pretreated sperms were added to oocytes in T6 and M16 media with and without 
caffeine and fertilization rates were recorded after 24 hours incubation. 
Results: Sperm's motility (81.7+1.67%) and vitality (88.7+1.33%) rates and 
percentage of fertilized oocytes (67.52+8.16%) in T6 medium plus caffeine compare 
to control group have increased and shown significant differences at p<0.01. While 
the percentages of these parameters in M16 medium supplemented with caffeine 
were 68.3+6.01%, 78+6.11%, and 42.6+12.96 respectively and in comparison to 
control group (M16 without caffeine) have not shown significant differences. 
Conclusion: Addition of caffeine to T6 medium promotes the sperm's motility and 
vitality and enhances fertilization and early in vitro development of mouse embryos. 
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Introduction 

In vitro fertilization (IVF) is a useful 
technique for obtaining offspring from 
endangered, infertile or low reproductive 
animals and also for evaluation of fertilization 
mechanisms. Improvement of effective factors 
and techniques related to the fertilization, 
make IVF more efficient and stable. The 
factors, such as motility, vitality and number of 
sperms are important parameters in ova 
fertilization during in vitro embryo production 
and may affect the rate of pre-implantation 
and embryo development (1). 

Acrosomal reaction (structural and 
metabolic changes of sperm) results in high 
ability and fertilization capability of sperm. 
Studies have reported, increasing of sperm's 
activity enhances the rate of sperms 
penetration to cumulus and zona pellucida 
and intact sperm membrane affect its motility 



that are important parameters in laboratory 
fertilization (2). From the first in vitro 
fertilization to the present, many chemical and 
technical changes were made to improve the 
laboratory fertilization, a basic and standard 
test for assisted reproduction (3, 4). 

Researchers have considered effective 
factors such as different animal species, 
chemical media, and physical factors affecting 
the fertilization processes and also invented 
new equipments to improve the IVF's quality 
(4-11). Reports have shown materials like 
caffeine and heparin increase fertilization rate 
of cattle oocytes and have positive effects on 
laboratory fertilization by increasing capability 
of spermatozoa (12-16). The present 
investigation was carried out to study the 
effect of sperm pretreatment with caffeine on 
fertilization and embryo development following 
mouse IVF. NMRI mouse is an outbreed 
mouse can be easily housed and bred under 
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conventional husbandry. Optimization of in 
vitro culture conditions in NMRI mouse 
embryos is useful for human assisted 
reproductive technology and seems to be 
economical and approachable for many 
relevant researches in the country. 

Materials and methods 

Materials and culture media used in this 
study were all from Sigma Company and of 
embryo tested grade. In this experimental- 
analytical study, 10 female NMRI mice of 
seven to eight weeks old were randomly 
chosen and used for oocytes collection and 20 
fertile male NMRI mice for sperm preparation. 
Animals were kept in conventional 
environment's conditions, temperature of 
22±2°C, humidity of 50±5% and fresh air of 
10-12 times/hr, autoclaved straw bedding, 
standard diet plate from Razi Vaccine and 
Serum Research Institute (RVSRI) and tap 
water ad lib were provided. 

Work on animals was carried out according 
to the ISIRI 7216-2 animal ethics guidelines 
and approved by RVSRI ethics committee 
(17). For sperms preparation, male animals 
were sacrificed by cervical dislocation and 
caudal epididymises were dissected out for 
each set of experiment. One of the 
epididymises was placed in tube containing 
T6 plus 0.4mg/ml caffeine and other one 
placed in T6 without caffeine as control group, 
and the same manner was done for M16 
medium, and the tubes were placed in 5% 
C02 incubator at least for 45 minutes to 1 
hour at 37°C for sperm's swimming up and 
capacitation. Microscopic methods were done 
for determining sperm's number, vitality and 
motility percentage (18). 

Vitality was assessed by eosin B (0.5% in 
saline). A 20 ul sample of the sperm 
suspension was placed on a glass slide, 
mixed with 7 all eosin, covered by slip and 
observed under a light microscope at x400 
magnifications (19). In order to study the 
sperm motility, sperm with quick progressive 
in straight paths, slow progressive in straight 
or not straight paths and motile in place were 
considered motile (18). 



The oocytes were collected from super 
ovulated female mice, oviducts were dissected 
and placed in M2 medium (sigma Co) at 37°C 
and oocytes were released by tearing the 
swollen ampulla with fine forceps. Oocytes 
were transferred to drops of T6 or M16 media 
containing 0.4 mg/ml caffeine and 4mg/ml BSA 
or without caffeine, under paraffin oil. Hundred 
microliters (100 ul) of processed sperms 
(average of 1.5x10 6 sperm/ml) were added to 
oocytes drops of the same medium, and 
incubated in 5% C0 2 , at 37°C. Zygote 
formation and embryos growth were observed 
and recorded up to 24 hours. 

Statistical analysis 

The T-test was used to compare the effect 
of caffeine in two T6 and M16 media with their 
own controls, and p<0.05 were considered 
statistically significant. All statistical analyses 
were performed using the Graph Pad software 
(GP, for windows). 

Results 

Our findings showed that mean value of 
sperm motility and vitality percentage in T6 
medium with caffeine were 81 .7±1 .67 and 
88.7±1.33 respectively and in T6 without 
caffeine (control group) were 37.2±5.30 and 
47.9±3.86 which are significantly different at 
p<0.01. Average value of these parameters in 
M16 medium plus caffeine were 68.3±6.01 
and 78±6.11 and in control group (M16 
without caffeine) were 61.1 ±6. 49 and 
77.4±3.22, which are not significantly different 
(Table I). 

The rate of sperm's motility and vitality in 
T6 medium with caffeine was higher than the 
other groups. Fertilization rate in T6 with 
caffeine was 67.52±8.16, that is significantly 
different from its control group (22.1 ±5.56) at 
p<0.01, where the rates of this parameter in 
M16 medium with and without caffeine were 
respectively 42.6±12.96 and 33.5±6.31, and 
not significantly different. 

The two cell embryos rates in T6 with 
caffeine and without caffeine were 60±16.83 
and 42.5±15.83, respectively; they are not 
significantly different. The percentages of two 
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cells embryos in M16 medium with caffeine, 
(31.3±23.66), and without caffeine, 
(37.7±13.48), in comparison with their parallel 
values in T6 medium did not show significant 



differences (Table II). However the rates of 
oocyte fertilization and two cell embryos 
formation in T6 medium with caffeine were 
much more than the other groups. 



Table I. Percentage of motility and vitality of mouse sperm in T6 and M16 media with and without caffeine (Mean+ SE) 



Sperm parameters 
Motility (%) Vitality (%) 



T6 medium 










Control 


37.2 + 5.30 


47.9 + 3.86 




With caffeine 


81.7 + 1.67 


88.7 + 1.33 




p-value for T-test 


0.0081 


0.0002 


Ml 6 medium 










Control 


61.1 +6.49 


77.4 + 3.22 




With caffeine 


68.3+6.01 


78 + 6.11 




p-value for T-test 


0.6256 


0.9333 



The T-test was used for statistical analysis and p<0.05 were considered statistically significant. 



Table II. Percentage of fertilized oocytes and two cell embryos in two T6 and M16 media with and without caffeine (Mean+ SE) 







Embryo growth stages 

Fertilized oocytes (%) 


Two cells (%) 


T6 medium 


Control 


22.1 +5.56 


42.5 + 15.83 




With caffeine 


67.52 + 8.16 


60+16.83 




p-value for T-test 


0.001 


0.537 


M16 medium 


Control 


33.5+6.31 


37.7 + 13.48 




With caffeine 


42.6 + 12.96 


31.3+23.66 




p-value for T-test 


0.490 


0.809 



The T-test was used for statistical analysis and p<0.05 were considered statistically significant. 



OLA. 



Figure 1. Illustration of live sperm (►) and dead sperm 
(►) in T6 plus caffeine (400 x). 



Figure 2. Two cell embryos of NMRI mouse, 24 hr after 
fertilization in T6 plus caffeine (200 x). 
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Discussion 

Treatment of semen with compounds such 
as heparin, pentoxifylline, bovine serum 
albumin, caffeine, dithiothreitol, ethanol, and 
lysophosphatidyl-choline have been used for 
the induction of an in vitro acrosome reaction 
in mammalian spermatozoa (14, 20-22). 
Motility, vitality rates and number of sperms 
are vital parameters in fertilization activity of 
sperms and play essential role in changing 
fertilization rate (16). Many researches have 
been done to increase ability and capability of 
sperms and qualitative and quantitative 
improvement of laboratory fertilization. In this 
study, the percentages of sperm's motility and 
fertilized oocytes in T6 plus caffeine were 
significantly different from T6 without caffeine 
that are according to Garty et al and Zhang 
and Hong's reports (23, 24). 

The rate of sperms vitality in T6 medium 
containing caffeine as compare to T6 without 
caffeine has shown significant differences 
(16). Where, there was no significant 
difference in motility and vitality percentage of 
sperms and also number of fertilized oocytes 
in M16 medium containing caffeine when 
compared with M16 control group (without 
caffeine). So, it seems that factors like type 
and quality of culture medium have had effect 
on sperm parameters and their fertilization 
ability. It has been cleared that caffeine 
causes increment of CAMP inside of cell by 
controlling of phosphodiesterase which is 
analyzing enzyme of CAMP (12). 

CAMP interferes with stimulation of 
tyrosine phosphorylation process in 
spermatozoa capacitation and also, it is 
reported that CAMP, directly stimulates the 
spermatozoa movement (23, 25). The 
researches have shown that ROS (Reactive 
Oxygen Species) has important role in fertility 
and infertility and cause spermatozoa's 
hyperactivity, capacitation, acrosomal reaction 
and connection to zona pellucida (2). ROS 
production and inside flow of Ca 2+ are first 
events of spermatozoa capacitation process. 
At the beginning of capacitating process, an 



unknown factor causes oxides activation in 
spermatozoa plasma membrane which results 
in necessary crop of 0 2 " that 0 2 " change to 
H 2 0 2 automatically. H 2 0 2 can activate 
adenylcyclase and or causes inside flow of 
Ca 2+ . 

Calcium can activate adenylylcyclase 
which in turn increases the CAMP production. 
However, reports regarding the success of 
laboratory fertilization are different, and the 
differences could be related to animal species, 
capacitation rate of sperms, genetic integrity 
of sperm, temperature effect and additional 
light at work time, increasing of time distance 
between hormone stimulation of animals (for 
animal super ovulation) and oocytes 
collection, culture medium quality, ovum 
fertilization rate, ovum accumulation in 
fertilization drops, work experience and 
laboratory equipments (1 , 4-7, 9-1 1 , 26-35). 

According to our findings, it is proposed 
that caffeine can be used as a supplement in 
culture medium for sperm collection and 
laboratory fertilization of mouse and T6 is a 
suitable medium for obtaining of larger 
number of high quality two cells embryos. 

Acknowledgments 

Funds are supported by Razi Vaccine and 
Serum Research Institute. 

Conflict of interest 

There is no conflict of interest in this 
research. 

References 

1. Sakkas D. Evaluation of embryo quality: a strategy 
for sequential analysis of embryo development with 
the aim of single embryo transfer. In Textbook of 
Assisted Reproductive Techniques. By Martin DZ. 
Springer, UK; 2001 : 228-229. 

2. De Lamirande E, Leclerc P, Gagnon C. Capacitation 
as a regulatory event that primes spermatozoa for 
the acrosome reaction and fertilization. Mol Hum 
Reprod 1997; 3: 175-194. 

3. Bavister BD. Early history of in vitro fertilization. 
Reproduction 2002; 124: 181-196. 



744 



Iranian Journal of Reproductive Medicine Vol. 11. No. 9. pp: 741-746, September 2013 



Caffeine and fertilization in vitro 



4. Ogawa S, Satoh K, Hamada M, Hashimoto H. In vitro 
culture of rabbit ova fertilized by epididymal sperms 
in chemically defined media. Nature 1972; 238: 270- 
271. 

5. Brackett BG, Oliphant G. Capacitation of 
rabbit spermatozoa in vitro. Biol Reprod 1975; 12: 
260-274. 

6. Dinnyes A, Dai Y, Barber M, Liu L, Xu J, Zhou P, et 
al. Development of cloned embryos from adult 
rabbit fibroblasts: Effect of activation treatment and 
donor cell preparation. Biol Reprod 2001 ; 64: 257- 
263. 

7. Schumacher A, Fischer B. Influence of visible light 
and room temperature on cell proliferation in 
preimplantation rabbit embryos. J Reprod Fertil 
1988; 84:197-204. 

8. Szczygiel MA, Kusakabe H, Yanagimachi R, 
Whittingham DG. Intracytoplasmic sperm injection is 
more efficient than in vitro fertilization for generating 
mouse embryo from cryopreserved spermatozoa. 
Biol Reprod 2002; 67: 1 278-1 284. 

9. Khurana NK, Niemann H. Effects of oocyte quality, 
oxygen tension, embryo density, cumulus cells and 
energy substrates on cleavage and 
morula/blastocyst formation of bovine embryos. 
Theriogenology 2000; 54: 741 -756. 

10. Loutradis D, Drakakis P, Kallianidis K, Sofikitis N, 
Kallipolitis G, Milingos S, et al. Biological factors in 
culture media affecting in vitro fertilization, 
preimplantation embryo development, and 
implantation. Annal NY Acad Sci 2000; 900: 325- 
335. 

11. Ogawa S, Satoh K, Hashimoto H. In vitro culture of 
rabbit ova from the single cell to the blastocysts 
stage. Nature 1971 ; 233: 422-424. 

12. Anahita V, Asilian A, Khalesi f, Khodami L, 
Shahtalebi MA. Caffeine effect in treatment of 
pezoriazis volgaris: randomal clinical experimental 
work. SeasonalJ Skin Dis 2005; 181 : 465-462. 

13. Niwa K, Oghoda O. Synergistic effect of caffeine and 
heparin on in vitro fertilization of cattle oocytes 
matured in culture. Theriogenology 1988; 30: 733- 
741. 

14. Parrish JJ, Susko-parrish Jl, Winter MA, First Nl. 
Capacitation of bovine sperm by heparin. Biol 
Repord 1988; 38: 1171-1180. 

15. Fornier V, Leclerc P, Cormier N, Bailey J. Implication 
of calmodulin-dependent phosphodiesterase type 1 
during bovine sperm capacitation. J Androl 2003; 24: 
104-112 

16. Homonnai ZT, Paz G, Sofer A, Kraicer PF, Harell A. 
Effect of caffeine on the motility, viability, oxygen 
consumption and glycolytic rate of ejaculated human 
normokinetic and hypokinetic spermatozoa. Int J 
Fertil 1976; 21: 162-170. 

17. Institute of standards and industrial research of Iran. 
Biological evaluation of medical devices-Part 2: 
Animal Welfare Requirements. ISIRI. 2008; 7216- 
7222. 



1 8. WHO guidelines on semen analysis. WHO guidelines 
1999. 

19. Rashidi I, Movahedin M, Tiraihi T. The effects of 
pentoxifylline on mouse epididymal sperm 
parameters, fertilization and cleavage rates after 
short time preservation. Iran J Reprod Med 2004; 2: 
51-57. 

20. Aparicio NJ. Therapeutical use of pentoxiphylline in 
disturbed male fertility. Singapore Med J 1979; 20 
(suppl.): 43-51. 

21. Pereira RJ, Tuli RK, Wallenhorst S, Holtz W. The 
effect of heparin, caffeine and calcium 
ionophore A23187 on in vitro induction of the 
acrosome reaction in frozen-thawed bovine and 
caprine spermatozoa. Theriogenology 2000; 54: 185- 
192. 

22. Taketo M, Schroeder AC, Mobraaten LE, Gunning 
KB, Anten GH, Fox RR, et al. FVB/N: an inbred 
mouse strain preferable for transgenic analyses. 
Proc. Natl Acad Sci USA 1991 ; 88: 2065-2069. 

23. Garty NB, Salomon Y. Stimulation of partially purified 
adenylate cyclase from bull sperm by bicarbonate. 
FEBS Lett 1 987; 21 8: 1 48-1 52. 

24. Zhang M, Hong H, Zhou B, Jin S, Wang C, Fu M, et 
al. The expression of atrial natriuretic peptide in the 
oviduct and its functions in pig spermatozoa. J 
Endocrinol 2006; 189:493-507. 

25. Aitken RJ, Harkiss D, Knox W, Paterson M, Irvine 
DS. A novel signal transduction cascade in 
capacitating human spermatozoa characterized by a 
redox-regulated, cAMP-mediated induction of 
tyrosine phosphorylation. J Cell Sci 1998; 111: 645- 
656. 

26. Schlegel PN, Girardi SK. In vitro fertilization for male 
factor infertility. J Clin Endocrinol Metabol 1997; 82: 
709-716. 

27. Kusakabe H, Szczygiel MA, Whittingham DG, 
Yanagimachi R. Maintenance of genetic integrity in 
frozen and freeze-dried mouse spermatozoa. Proc 
Natl Acad Sci USA 2001 ; 98: 13501-13506. 

28. Barlow P, Puissant F, Van der Zwalmen P, 
Vandromme J, Trigaux P, Leroy F. In vitro 
fertilization, development and implantation after 
exposure of mature mouse oocyte to visible light. Mol 
Reprod Dev\992; 33: 297-302. 

29. Hegele-Hartung C, Schumacher A, Fischer B. Effects 
of visible light and room temperature on the 
ultrastructure of preimplantation rabbit embryos: a 
time course study. Anat Embryol (Berl) 1991; 183: 
559-571 . 

30. Gardner DA, Weissman A, Howies CM, Shoham Z. 
Text book of assisted reproductive techniques. Lab 
Clin Perspect 2001 ; 99: 223-232. 

31. Heyman Y. Timing of transplantation and success of 
pregnancy in mammals. Reprod Nutr Dev 1988; 28: 
1773-1780. 

32. Samour JH. Recent advances in artificial breeding 
techniques in birds and reptiles. Int Zoo Y B 1986; 
24/25: 143-148. 



Iranian Journal of Reproductive Medicine Vol. 11. No. 9. pp: 741-746, September 2013 



745 



Nabavi et al 



33. Yamano S, Nakagawa K, Nakasaka H, Aono T. 
Fertilization failure and oocyte activation. J Med 
Invest 2000; 47: 1-8. 

34. Lane M, Gardner DK. Effect of incubation volume 
and embryo density on the development and viability 
of mouse embryos in vitro. Hum Reprod 1992; 7: 



558-562. 

35.Tian JH, Wu ZH, Liu L, Cai Y, Zeng SM, Zhu SE, et 
al. Effects of oocyte activation and sperm preparation 
on the development of porcine embryos derived from 
in vitro-matured oocytes and intracytoplasmic sperm 
injection. Theriogenology 2006; 66: 439-448. 



746 



Iranian Journal of Reproductive Medicine Vol. 11. No. 9. pp: 741-746, September 2013 



